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Schaudies,  R.  Paul,  and  John  P.  Johnson.  Increased 
soluble  EGF  after  ischemia  is  accompanied  by  a  decrease  in 
membrane-associated  precursors.  Am.  J.  PhysioL  264  (Renal 
Fluid  Electrolyte  Physiol.  33):  FY^-FBaa,  1993.— We  have 
characterized  the  distribution  of  immunoreactive  epidermal 
growth  factor  (irEGF)  in  control  and  ischemia-injured  rat  kid¬ 
neys.  Kidneys  that  had  undergone  ischemic  injury  contained 
levels  of  soluble  irEGF  that  were  six  times  those  of  uninjured 
kidneys.  The  predominant  forms  of  soluble  irEGF  were  native 
and  des-Arg-epidermal  growth  factor  (EGF),  both  of  which  are 
biologically  active.  Crude  membrane  fractions  from  whole  kid¬ 
neys  were  solubilized  in  Triton  X-100  and  tested  for  irEGF. 
founts  of  irEGF  were  slightly  decreased  in  the  ischemia- 
injured  kidney  membranes.  However,  when  solubilized  mem¬ 
brane  fractions  were  digested  with  trypsin,  which  generates  a 
single  immunoreactive  species  which  appears  identical  to  native 
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EGF,  the  amount  of  irEGF  in  control  fractions  increased 
13-fold  and  the  amount  in  injured  fractions  increased  only 
4-fold  as  measured  by  radioimmunoassay.  To  better  character¬ 
ize  the  membrane-associated  irEGF,  Triton  X-lOO-solubilized 
membrane  Lactions  from  control  animals  were  affinity  purified 
and  subjected  to  high-performance  liquid  molecular  sieve  chro¬ 
matography.  Three  major  peaks  of  material  exhibited  immu- 
noreactivity  to  EGF  antibt^ies,  bound  the  EGF  receptor,  and 
stimulated  [’HJthymidine  incorporation  in  growth-arrested  fi¬ 
broblasts.  Trypsin  digestion  of  the  two  high-molecular-mass 
peaks  enhanced  these  activities.  The  third  peak  eluted  with 
native  EGF  and  showed  no  change  in  activity  with  trypsin 
addition.  We  propose  that  EGF  is  released  from  membrane- 
associated  EGF  precursors  and  can  then  act  in  an  autocrine  or 
paracrine  fashion  to  promote  cell  growth  after  ischemia-induced 
acute  renal  failure. 
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soluble  EGF  after  ischemia  is  accompanied  by  a  decrease  in 
membrane-associated  precursors.  .-Am  J.  Physial  2fi4  {Renal 
Fluid  Electrolyte  Physiol.  33):  F.o23 -F.').'U.  1993. -We  have 
characterized  the  distribution  of  immunoreactive  epidermal 
growth  factor  (irEGF)  in  control  and  ischemia-injured  rat  kid¬ 
neys.  Kidneys  that  had  undergone  i.schemic  injury  contained 
levels  of  soluble  irEGF  that  were  six  times  those  of  uninjured 
kidneys.  The  predominant  forms  of  .soluble  irEGF  were  native 
and  des-.A.rg-epidermal  growth  factor  (EGF).  Iv'lh  of  which  ar" 


receptor  and  stimulates  cell  growth  in  a  dose  dependent 
manner.  Biological  activity  tvf  the  human  EGF  precursor 
was  demon.siraled  by  its  ability  to  support  growth  of  a 
mouse  keratinocyte  ceil  line  that  is  dejn-ndent  on  EGF 
for  growth  (20).  The  presence  of  a  biologically  active 
EGF  precursor  in  kidney  membranes  supports  a  role  for 
EGF  in  renal  function. 

Sever;*!  features  of  the  recovety  phase  of  expernv.tiiUil 


biologically  active.  Crude  membrane  fractions  from  whole  kid¬ 
neys  were  solubilized  in  Triton  X-100  and  tested  for  irEGF. 
Amounts  of  irEGF  were  slightly  decreased  in  the  ischemia- 
injured  kidney  membranes.  However,  when  solubilized  mem¬ 
brane  fractions  were  digested  with  trypsin,  which  generates  a 
single  immunoreactive  species  which  appears  identical  to  native 
EGF,  the  amount  of  irEGF  in  control  fractions  increased 
13-fold  and  the  amount  in  injured  fractions  increased  only 
4- fold  as  measured  by  radioimmunoassay.  To  better  character- 


acute  renal  failure  sugge.st  that  a  mitogen  such  a.s  EffF 
may  be  involved  (24,  35).  These  features  include  in¬ 
creased  transcriptional  activity.  DN.-\  synthesis,  mito¬ 
sis.  and  cellular  proliferation.  The  mechanism  by  which 
renal  epithelial  cells  are  stimulated  to  proliferate  and 
differentiate  remains  unclear.  F'GF  is  a  potent  mitogen 
for  renal  epithelial  cells  (12)  and  is  a  po.ssibie  mediator 
of  cellular  proliferation  in  the  kidney.  Recent  evidence 


ize  the  membrane-associated  irEGF,  Triton  X-lOO-solubilized 
membrane  fractions  from  control  animals  were  affinity  purified 
and  subjected  to  high-performance  liquid  molecular  sieve  chro¬ 
matography.  Three  major  peaks  of  material  exhibited  immu- 
noreactivity  to  EGF  antibodies,  bound  the  EGF  receptor,  and 
stimulated  ['’Hlthymidine  incorporation  in  growth -arrested  fi¬ 
broblasts.  Trypsin  digestion  of  the  two  high-molecular-mass 
peaks  enhanced  these  activities.  The  third  peak  eluted  with 
native  EGF  and  showed  no  change  in  activity  with  trypsin 
addition.  We  propose  that  EGF  is  released  from  membrane- 
associated  EGF  precursors  and  can  then  act  in  an  autocrine  or 
paracrine  fashion  to  promote  ceil  growth  after  ischemia-induced 
acute  renal  failure. 


indicates  that  exogenously  administered  EGF  enhances 
recovery  of  renal  function  in  acute  renal  failure  (12).  In 
addition,  the  level  of  EGF  receptors  within  the  kidney- 
increases  after  ischemic  injury  (23).  These  results  indi¬ 
cate  that  renal  EGF  may  be  important  in  the  recovery- 
process. 

Interestingly,  both  renal  prepro-ElGF  mRNA  and  uri¬ 
nary  excretion  of  EGF  have  been  reported  to  decrease 
after  ischemic  induction  of  acute  renal  failure  in  the  rat  CXD 
(23,  24).  However,  we  have  recently  reported  that  the  _ 
levels  of  irEGF  (irEGF)  in  rat  kidney  increase  fivefold  C 
after  potassium  dichromate-induced,  or  ischemia-in- 


immunoreactive  epidermal  growth  factor;  renal  failure;  epider-  duced  acute  renal  failure  (32).  This  apparent  discrep- 
mal  growth  factor  precursors  ancy  between  a  decrease  in  EGF  precursor  mRNA  while 

soluble  levels  of  EGF  are  increasing  raises  the  question 
EPIDERMAL  GROWTH  FACTOR  (EGF)  is  a  potent  of  the  origin  of  this  renal  EGF  and  supports  the  po,ssi- 
polypeptide  mitogen  that  can  be  isolated  from  rodent  bility  that  irEGF  is  stored  in  kidney  membranes  and 
submandibular  glands  (26,  31)  and  human  urine  (5,  10).  released  subsequent  to  injury. 

EGF  has  been  demonstrated  to  stimulate  a  variety  of  This  study  was  conducted  to  characterize  the  irEGF 
both  short-  and  long-term  biological  responses  in  vitro  in  the  soluble  and  crude  membrane  fractions  of  kidney 
(for  recent  reviews  see  Refs.  4,  7,  9).  Despite  the  volume  homogenates  and  to  determine  whether  the  EGF  pre- 
of  information  about  EGF  and  its  effects  in  vitro,  its  cursors  are  a  probable  source  of  the  increase  in  renal 
specific  function  in  vivo  remains  undefined.  EGF.  Measurements  were  conducted  in  both  control  an- 

One  of  the  possible  sites  for  a  biological  function  for  imals  and  those  in  acute  renal  failure  induced  by  tem- 
EGF  is  the  kidney.  Both  EGF  and  the  messenger  RNA  porary  ischemia  to  examine  the  role  of  endogenous  EGF 
fortheEGFprecursorarepresentinthekidney  (15,  22),  in  acute  renal  failure.  Triton  X-lOO-solubilized  crude 
The  EGF  precursor  mRNA  levels  in  the  mouse  kidney  membrane  preparations  from  control  animals  indicated 
are  one-half  of  those  in  the  male  submandibular  gland  multiple  high-molecular-mass  EGF-containing  proteins, 
and  five  times  the  level  in  the  female  submandibular  EGF  was  released  after  trypsin  digestion  of  the  Triton 
gland  (22).  EGF  synthesized  within  the  kidney  is  X-100  extract  and  was  present  at  300  ng/g  wet  wt  ti.ssue. 
thought  to  be  the  primary  source  of  urinary  EGF.  Urine  representing  >90%  of  the  total  renal  EGF.  In  the  is- 
from  humans  and  rodents  has  been  reported  to  contain  chemia-injurpd  kidneys  Llic  level  uf  soluble,  bioiog.cally 
both  native  (6  kDa)  and  high-molecular-mass  forms  active,  EGF  increased  sixfold  within  24  h  postinjury. 
(140  kDa)  of  immunoreactive  (ir)  EGF  (17,  19).  Re-  During  the  same  time  period  the  level  of  Triton-soluble 
cently,  Breyer  and  Cohen  (3)  have  reported  the  isolation  trypsin-releasable  EGF  decreased  to  ~  100  ng/g  in  the 
of  a  high-molecular-mass  EGF  precursor  from  murine  injured  kidneys.  This  increase  in  soluble  biologically 


F524 


KtiK  IN  ISCHKMIA  INDt  I  KH  ACl  IK  KI-:N  M.  I  A!!.i  KK 


active  EGF'  with  an  associated  decrease  in  rnendirane 
associated  precursors  supports  the  presence  of  an  auto¬ 
crine  or  paracrine  healing  mechanism  in  the  kidney 
activated  by  injury  whereby  the  precursor  is  cleaved  to 
release  the  mature  form  of  the  growth  factor. 

MATERIALS  AM)  METHODS 

Epidermal  grim  th  factor  Hat  K(  IF  was  ()urifitd  and  iodinated 
a.s  described  previously  (41),  A  homulowous  radioimmynoassay 
for  rat  EGF  was  performed  as  described  i:U).  PoKclDnel  anti¬ 
serum  P-1  was  generated  in  a  rabbit  by  two  separate  injections 
of  200  jug  rat  E(1F  in  Freund’s  complete  adjuvant  followt-d  by 
incomplete  adjuvant.  This  preparation  of  antiserum  has  lieen 
characterized  regarding  its  cross-'",'atTiviiy  with  murine  and  hu 
man  EGF  (lUl.  In  the  present  experiments,  samples  (up  to  a 
:!o0-iil  vol)  or  known  amounts  of  irEGF  were  added  to  tulK*s 
containing  20,000  cpm  ‘-^’I-labeled  irEGF  (l-oO  200  aCi.-eg) 
with  anti.serum  at  a  final  dilution  of  1: l,,r00.000.  After  incuba 
lions  supernaiaius  were  aspirate'i  ami  in'llets  were  monitored 
for  ’I  using  a  LKB-1442  Ccmpugamma  counter  containing  an 
internal  radioimmunoa.ssay  (RIA)-ca!culating  program.  The  as¬ 
say  has  a  sensitivity  of  25  pg  EGF. 

Experimental  protocol.  Renal  i,schemic  injury  was  generated 
by  the  method  of  Siegel  et  al.  (44).  .\dult  male  Sprague-Dawley 
rats  (250-425  g)  were  anesthetized  with  an  intraperitoneal  in¬ 
jection  of  pentobarbital  sodium  (65  mg/lOO  g  body  wt).  Body 
temperature  was  maintained  with  a  heat  lamp  and  monitored 
via  a  rectal  probe.  A  midline  abdominal  incision  was  made,  and 
the  aorta  and  renal  arteries  were  carefully  dissected  from  the 
surrounding  tissue.  Heparin  (50  U/100  g)  was  administered  via 
jugular  vein  catheter.  After  10  min  a  vascular  clamp  was  placed 
across  the  aorta  proximal  to  the  origin  of  the  left  renal  artery 
and  traction  was  put  on  a  Silastic  loop  around  the  right  renal 
artery  distal  to  the  origin  from  the  aorta.  Ischemia  was  main¬ 
tained  for  35  min.  The  35-min  renal  clamp  has  been  the  most 
successful  time  point  for  generation  of  renal  failure  with  a  >90^ 
survival  rate.  Control  animals  were  treated  in  an  identical  man¬ 
ner  without  occluding  the  artery.  Al  24  h  postreperfusion  the 
animals  were  anesthetized  as  before  and  the  kidneys  were 
flushed  with  ice-cold  saline,  a.septically  removed,  and  snap  fro¬ 
zen  in  liquid  nitrogen.  In  our  ischemic  model  the  peak  in  serum 
creatinine  levels  occurs  at  ~24  h  and  we  therefore  used  this 
time  point  to  measure  EGF  levels.  This  peak  in  serum  creati¬ 
nine  indicates  decreased  renal  filtration  of  the  blood.  This  is 
also  within  the  window  of  peak  EGF  levels  (unpublished  obser¬ 
vations).  Blood  samples  were  taken  just  before  i.schemic  insult 
and  at  time  the  animals  were  killed  for  measurement  of  serum 
creatinine  with  a  Beckman  Creatinine  Analyzer  2.  In  rats  ex¬ 
periencing  35-min  bilateral  renal  artery  clamp,  serum  creatinine 
levels  rose  from  control  values  of  0.15  ±  0.05  to  2.3  ±  0.7  mg/dl 
at  24  h  postischemia  (n  -  15).  Whole  frozen  kkiney.s  from  each 
separate  rat  were  homogenized  by  the  method  of  Breyer  and 
Cohen  (3)  in  10  vol  20  mM  A(-2-hydroxyethylpiperazine-iV'-2- 
ethanesulfonic  acid  (HEPES:  pH  7.5)  and  2.0  mM  MgCb  using 
a  Brinkmann  Polytron  (P-IO  probe,  speed  setting  6,  45  s).  Ho¬ 
mogenates  were  centrifuged  at  100.000  g  for  -30  min  at  4°C. 
Supernatants  were  retained  and  designated  the  soluble  fraction. 
The  pellets  were  washed  with  the  original  volume  of  buffer  and 
recentrifuged  as  above.  This  pellet  represented  the  crude  mem¬ 
brane  fraction.  The  washed  pellet  was  homogenized  in  7  vol  20 
mM  HEPES  (pH  7.5),  0.15  M  NaCl,  and  1%  Triton  X- 100  and 
centrifuged  r  above.  The  -upernatant  containing  solubilized 
membrane-associated  proteins  was  retained  for  further  charac¬ 
terization  of  irEGF  specie.s.  Data  presented  for  each  group  are 
averages  of  15  animals. 

Affinity  chromatofiraphy.  Anti-rat  EGF  antiserum  R-2  (a  sep¬ 
arate  preparation  of  antiserum  from  the  one  used  for  RIA  mea- 


NUfeliU-!it>i  Wii-,  (■iiipivii  (ii  .-XKi  (irl  !o  iHs<'  iCul'  ti. 

the  firiid-ui  t  i!iM-rl  dt-vt  rifjt-ii  i  2  (  l  ist-  icj.  .iHiiiit',  re-ir. 

had  a  rat  EGF  biiidiOf;  i.tjnuiC.  "1  7tl  „  ‘.u',  reMU 
slurry.  I’nt.u!  s,i!u))iii/(-d  t-xtrails  w«rt  iiii  uti.iled  wills  .nsU  nu 
K( iFaliiuUv  n-siii  i  lim  ui  si.srrv  J  i'  oiJ  ejlr.K  !  i  a!  -I  ( ’  i.*. t-.ruigli! 
on  riitator  'I’his  repri-seiil'.  a  '>oo  I'lld  t  xs  rs'  u!  K(,F  (muling 
c.ipiuity  than  the  aninunl  ot  KGF  t-qur, alt-nls  ineiiMireii  in  t'lH 
nojitrypsin  digt-stfd  'I'rUon  .\  bHi  c.x!r.i<;t'  I'his  iiigh  is 

nei-e-ssary  lu  renuive  all  ii(  (be  tryp.sin  rt-U-asaitk-  K(iF  luiixi!  , 
from  the  homogenate.  Re.--!II  was  jM-Ucted  !.•>  K-iUnfiigalton  (hiH* 
ig)  tor  .7  (inn  at  1 C  .Mure  tlian  9.7‘.  oi  the  iiniminon-.u  s  n  stv 
was  removed  from  (he  homogenate  I’he  resin  was  wasla-d  !ise 
times  with  1  ml  20  mM  HEPFS  (pH  7  al!  ehernu.il  re.igetiSs 
were  of  analylica!  grade  and  oiitaineti  from  Sigma  (  'heiimai.  St 
Louis.  MO!.  .-Xnuiioimiiii  acetate  !l<H)  yi  0  !  Mi  containing 
sodium  dodei  yl  sullate  (SDSt  was  added  !<■  the  waslieii  fessn 
(.50  mI  [lacked  geli  and  heated  to  9.7  ('  for  .7  min  .-kn  additional 
9(H)  y!  of  ().  1  M  amiwuiium  acetate  were  added,  the  was 

vortexed.  and  the  resin  was  [(elk-ted  as  above  This  proiedare 
was  required  tiecause  of  the  insoluliiluv  the  K( IF  i  onsaining 
proteins  at  low  |iH.  Heating  al  neutral  [iH  in  the  presetue  of 
SDS  was  the  most  effective  method  tor  recovery  ol  actix  itv  from 
the  resin  to  maintain  the  toUil  levels  of  I  rilon  extrai  ted  irnmu 
noreactivity  both  liefore  and  after  Irv|>.sin  digesiion  The  super 
natant  was  removed  and  lyo|)hilizixl  The  dry  residue  was  re 
suspended  in  either  high  performance  liquid  chroma1ogra|.dHc 
(HPL(')  mobile  phase  (0  !  M  arnmoimmi  acetate.  pH  7,.‘)i  or 
polyacrylamide  gel  running  buffer  [(risdiydroxymethyliam! 
nomelhane-glycine.  pH  9.1|. 

l‘ol\ai  r'.htmuie  gel  etfxirojihorcso.  Nondenaturiiig  pnlyacry!- 
amide  gel  electrophoresis  was  conduc  ted  by  the  niethoii  of  I  )avis 
(6)  with  slight  modifications  as  de.scrihed  (31).  This  nondena¬ 
turing  gel  system  i.s  capable  of  separating  maiive  EGF  from  EGF 
lacking  the  I’OOH-terminal  arginine  residue  (des-Arg-EGFi, 
F'reparation  of  des-Arg  standard  irEGF  wa.«  conducted  by  incu¬ 
bation  <if  submandibular  gland  EGF  with  carboxype-ptidase  B  as 
described  pre'  iourly  !3!'.  .\ftcr  clectiopbores,.-,,  lanes  were  sep¬ 
arated  and  cut  into  3,b-mm  slices  followed  by  overnight  extrac¬ 
tion  in  1.0  ml  RIA  buffer  (0,05  M  sodium  phosphate.  pH  7  5, 
0.1''f.  wt/vol  bovine  serum  albumint.  Each  extracted  gel  slice 
was  assayed  in  duplicate  by  HI, A  using  350  yl  of  extract.  Stan¬ 
dard  irEGF  (2  ygi  was  run  in  a  separate  lane  on  the  gel.  .Addition 
of  !''<  .SD.S  to  the  standard  did  not  affect  the  migration  rule 
(data  not  shown).  F7)r  isolation  of  the  irEfiF.  20'f  of  the  sample 
was  run  in  one  lane  and  SfL't  in  a  separate  lane  on  the  same  gel 
The  migration  rates  were  determined  by  conducting  a  RI.A  on 
the  extracted  gel  slices  from  the  lane  containing  2n^r  of  the 
activity.  The  corresponding  slices  in  the  lane  with  Hd'V  of  the 
activity  were  pooled,  and  the  immunoreactive  materia!  was 
eluted  with  a  Hneffer  Elect roeluter.  Four  slices  near  the  top  of 
the  gel  in  the  same  lane  were  elect roeluted  as  negative  controls 

Enzymatic  dipeation  For  soluble  or  Triton -extracted  cnide 
membrane  preparations.  1  ml  of  Triton-extracted  membranes 
was  incubated  with  10(1  yg  tryqisin  (Sigma  r,ata!og  no.  T  8642. 
12,000  U/mg)  in  0.1  M  sodium  phosphate  (pH  7.5)  for  1  h  at 
37°C.  The  reaction  was  terminated  by  the  addition  of  500  yg 
soybean  trypsin  inhibitor  (Sigma  catalog  no.  T  912H.  1  mg  in¬ 
hibits  10,000  U  trypsin)  in  100  yl  phosphate  buffer.  For  the 
digestion  of  the  HPLC- fractionated  material.  100  yl  were  re 
moved  from  each  250-y!  sample  (30-s  fractions,  0.5  ml/min  flow 
rate)  and  incubated  with  25  yg  trypsin  for  i  h  at  .(7"(’  followed 
by  125  yg  .soybean  trypsin  inhibitor  as  .above.  The  samples  were 
then  a.ssayed  for  immunoreactivity  by  RIA. 

HPLC.  Affinity-purified  material  from  the  Triton-solubilized 
crude  membranes  was  chromatographed  on  a  Bio-Sil  TSK  2.50 
column  (300  x  7.5  mm)  with  a  lOO-y!  sample  volume  and  a  flow 
rate  of  0.5  ml/min  of  0.1  M  ammonium  acetate  (pH  7,5).  One- 
half  minute  fractions  were  collected,  and  ali()uots  were  assaved 
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by  RIA  as  ciescribeci  alH»ve.  Subsequent  lu  tract ionat ion  by 
HPL^C  the  eluates  were  assayed  directly  by  HIA  and  also  as¬ 
sayed  by  RIA  after  the  eluate  was  digested  with  trypsin  to 
release  EGF  from  tiie  high-molecular-mass  precursors. 

Radioreceptor  a.isay.  Binding  to  the  EGF  recepoiron  cultured 
human  fibroblasts  was  conducted  as  descrilied  (-il).  Conllueni 
monolayers  of  cells  in  24-muitivveii  plates  were  incubated  with 
radiolabeled  '-  ‘I-rat  EGF  (0.5  ng./ml,  -100,000  cpm/ngl  and  in¬ 
creasing  concentrations  standard  rat  EGF  or  unknown  in  a  total 
volume  of  200  iil.  Cultures  were  incubated  at  :17’(’  for  40  min. 
Medium  was  aspirated  followed  by  four  washes  with  ice-cold 
phosphate-buffered  saline  (PBS).  Cells  were  solubilized  in  1.0 
ml  lO*’?-  NaOH  for  liO  min  at  room  temperature,  ('ell  suspen¬ 
sions  were  transferred  to  centrifuge  tubes,  and  I  was  moni¬ 
tored  using  a  LKB  1282  Compugamma  counter. 

[‘Hjthymidine  incorporation.  Incorporation  of  ['Hilhytni- 
dine  into  growth-arrested  human  foreskin  fibroblasts,  cell  line 
JPSl,  was  conducted  in  24-multiwel!  dishes  as  descrilied  (29). 
Cells  (4  X  10')  were  plated  in  each  well  in  0.5  ml  minimal 
e.s.sentia!  medium  (MBIM)  containing  lOG  fetal  bovine  serum 
(FBS)  and  allowed  to  adhere  overnight.  The  medium  was  aspi¬ 
rated,  replaced  with  0.5  ml  MEM  containing  2.0'f  FBS.  and 
incubated  for  48  h  to  growth  arrest  the  subconfluent  cultures. 
•Additions  of  either  irEfiF  or  the  affinity- isolated  and  native 
gel-separated  extracts  were  added  to  the  cells,  incubated  at  :)7’C 
for  20  h  followed  by  the  addition  of  200  MEM,  2G  FBS 
containing  2.0  /iCi  ( ‘H|thymidine,  and  then  incubated  for  an 
additional  4  h  at  liV’C.  The  medium  was  aspirated,  the  cells 
were  washed  three  rimes  with  cold  MEM.  and  the  DNA  was 
precipitated  in  the  wells  by  the  addition  of  0.5  ml  ice-cold  5G 
trichloroacetic  acid  (TCA;  wt/vol)  and  incubated  on  ice  for  30 
min.  The  TCA  was  aspirated,  and  the  DNA  was  solubilized  in 
200  ui  1.0  N  NaOH  for  30  min  at  37'’C.  The  suspension  was 
transferred  to  scintillation  vials,  and  each  well  was  rinsed  with 
225  m1  1-0  N  HCl,  which  was  added  to  the  vial.  Vials  were 
monitored  for  'H  using  a  LKB  1219  Rackbeta  counter. 

RESULTS 

Quantitation  of  soluble  irEGF.  Levels  of  irEGF  within 
the  soluble  and  crude  membrane  preparations  of  control 
or  postischemic  rat  kidneys,  as  determined  by  a  homolo¬ 
gous  RIA,  are  presented  in  Fig.  1.  HEPES-soluble 
irEGF  levels  in  control  kidneys  are  14.25  ±  1.8,  which  is 
in  agreement  with  an  earlier  report  (25).  Extraction  of 
postischemic  kidneys  under  identical  conditions  gave 
strikingly  different  results.  The  cytosolic  fraction  con¬ 
tained  93.9  ±  22  ng/g  wet  wt,  representing  a  sixfold  in¬ 
crease  over  control  values.  These  values  were  unaffected 
by  digestion  of  the  soluble  fraction  with  trypsin  (data 
not  shown).  It  should  be  noted  that  although  this  irEGF 
is  so!  ’-*^1p  its  exact  location  in  the  intact  kidney  has  not 
been  determined. 

Characterization  of  soluble  EGF.  The  irEGF  in  the  sol¬ 
uble  or  cytosolic  fraction  was  purified  by  affinity  chro¬ 
matography  for  further  biochemical  characterization. 
Native  polyacrylamide  gel  electrophoresis  was  used  to 
characterize  the  immunoreactive  species  because  of  its 
ability  to  separate  forms  of  EGF  that  uiffe»  by  as  littie  as 
one  charged  amino  acid  (30).  However,  this  system  does 
not  provide  reliable  information  regarding  the  relative 
molecular  masses  of  the  different  forms  of  EGF.  The 
migration  profile  of  the  affinity  purified  material  on  non¬ 
denaturing  native  polyacrylamide  gels  is  shown  in  Fig. 
2A.  Cytosol  of  control  kidneys  contains  predominantly 
one  immunoreactive  form  that  comigrates  with  native 
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Fig.  2.  Native  gel  electrophoreses  of  affinity  purified  immunoreactive 
(ir)  EGF.  Initial  cylosolic  supernatant  was  afOnity  purified  with  anti 
sera  directed  against  submandibular  gland  F.GF  Immunoreactive  ma¬ 
terial  Wo.,  eiectrophoresed  as  in  MATKRIAI.S  A.M)  MKTHODS  Each  lane 
was  rut  into  S-mm  slices  and  extracted  in  l.u  mi  lilA  buffer  at  4“(  and 
a.ssayed  in  duplicate  by  RIA.  .Submandibular  gland  migrates  at  s/ire  22, 
rat  des-.Arg-ECiF'  migrates  at  slice  .72.  and  dye  front  was  at  .slier  42.  A: 
irEGF  from  iV-2-hydroxvethvlr>ipors7inp-iV'  ‘’-etboncsiilfoni.  ’.'id  ex 
liost  ofiui  .t.,;. '.fjftotion.  li.  electrophoretic  profile  of  irEGF  from  af 
finity-purified  Triton  X-IW  extract  that  was  digested  with  tnpsin 
before  affinity  extraction, 

EGF,  with  a  lesser  amount  of  material  comigrating  with 
des-Arg-EGF.  In  contrast,  the  injured  kidney  contains  a 
majority  of  immunoreactive  material  comigrating  with 
the  des-Arg  form,  with  a  lesser  amount  comigrating  with 
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native  EGF.  A  third  form,  that  migrated  at  .s/uv  -iS  was 
present  in  varying  amounts  {20%  of  t«jtal  activity  in  1 
run,  but  usually  <o%)  in  the  injured  kidneys  and  was  not 
further  characterized.  HPLC  molecular  mass  sieve  chro¬ 
matography  was  conducted  on  the  affinity-purified  solu¬ 
ble  EGF  from  these  same  preparations.  The  irhiGF  from 
the  control  and  injured  kidneys  contained  material  that 
coeluted  with  native  EGF  (data  not  shown).  This  method 
is  not  capable  of  separating  EGF  from  des-Arg-EGF  be¬ 
cause  of  their  similar  sizes. 

The  major  soluble  immunoreactive  forms  from  the  p<ist- 
ischemic  kidneys  were  electroeluted  from  nondenaturing 
gels  as  described  in  matp:r!ALS  and  methods  and  as¬ 
sayed  by  RIA  (Fig.  3).  Both  major  peaks  demonstrated 
parallel  displacement  with  submandibular  gland  EGF, 
supporting  their  identification  as  EGF  and  des-Arg-EGF. 
Des-Arg-EGF  demonstrates  parallel  di.splacement  in  the 
RIA  (data  not  shown).  A  portion  of  the  lane  containing 
no  activity  did  not  interfere  with  the  assay.  Biological 
activity  of  the  electroeluted  fractions  was  assayed  by  add¬ 
ing  aliquots  to  growth-arrested  human  fibroblast  cell  line 
JPSl  and  measuring  the  incorporation  of  ( ‘Hjthymidine 
(Table  1).  In  control  samples,  stimulation  by  EGF  was 
detected  at  0.1  ng/ml,  with  a  maximum  of  a  sevenfold 
increase  in  [’H  [thymidine  incorporation  at  10  ng/ml. 
The  electroeluted  material  from  a  region  of  the  gel  con¬ 
taining  no  immunoreactive  material  had  no  effect  on  the 
level  of  thymidine  incorporation.  Both  electroeluted  frac¬ 
tions  of  immunoreactive  material  were  biologically  active 
and  stimulated  the  incorporation  of  thymidine  in  a  dose- 
dependent  manner  (Table  1). 

Quantitation  of  irEGF  in  Triton-solubilized  membrane. 
The  amount  of  irEGF  in  Triton-solubilized  crude  mem¬ 
brane  pellets  indicated  a  slight,  but  not  statistically  sig¬ 
nificant,  decrease  in  the  injured  animals  ^23.9  ±  3.0  vs. 
18.8  ±  .3.0  ng  irEGF  eq/g  wet  wt;  Fig.  1).  The  displace¬ 
ment  curves  generated  by  the  Triton-solubilized  mem¬ 
branes  were  not  parallel  to  the  standard  curve,  indicating 
nonidentity  with  submandibular  gland  EGF.  The  non¬ 
parallel  displacement  is  expected  and  is  most  probably 
due  to  the  tertiary  structure  of  the  precursors,  which 
prevents  the  antibodies  from  reaching  all  of  the  antigenic 
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Fig.  .3.  RIA  of  affinity-purified  native  gel-separated  cytosolic  irKdF. 
Affinity-purified  cytosolic  irEfJF  was  separated  by  native  gel  chroma¬ 
tography  as  in  Fig.  2.  Activity  was  electroeluted  and  assayed  by  RIA  to 
demonstrate  parallel  displacement.  A  section  of  lane  that  had  no  activ¬ 
ity  serves  as  a  negative  control  (.s/ice.s  2-  5). 
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determinants  of  the  mature  EGF  molecule  resulting  in 
the  inability  to  fullv  compete  with  '-’’l-rat  EGF  in  the 
RIA. 

We  previously  demonstrated  multiple  forms  of  biolog¬ 
ically  active  irEGF  in  milk,  which  also  demonstrated 
nonparallel  displacement  ay  Rl.A  before  tr>'psin  diges¬ 
tion.  These  multiple  forms  were  converted  to  the  native 
form  by  digestion  with  trypsin  (29).  We  have  also  deter¬ 
mined  that  submandibular  gland  native  EGF  is  resistant 
to  trypsin  digestion  (31).  In  contrast,  the  mouse  EGF 
precursor  can  be  converted  to  a  6-kDa  form  by  pepsin 
digestion  (3).  Triton  X-100  extracts  from  control  and 
postischemic  .samples  were  digested  with  trypsin  to  de¬ 
termine  whether  the  kidneys  contained  EGF  precursors. 
When  the  detergent-solubilized  material  from  control 
samples  was  digested  with  trypsin,  the  level  of  immunore¬ 
active  material  increased  13-fold  to  301  ±  31  ng/g  wet  wT. 
W'hen  Triton -soluble  material  from  postischemic  kidneys 
was  trypsinized,  there  was  a  fourfold  increase  to  7,5.7  ± 
19..5  ng/g  wet  wt  (Fig.  1).  This  indicates  a  >7597  loss  of 
membrane-associated  EGF  in  the  injured  kidneys. 

Characterization  of  trypsinized  Triton -solubilized 
irEGF.  To  determine  the  nature  of  the  immunoreactive 
formCs)  generated  by  trypsin  digestion  of  the  Triton 
X-100  extract,  and  to  test  the  possibility  of  generation  of 
multiple  immunoreactive  peptides,  the  Triton  X-100  ex¬ 
tract  frcm  the  control  kidney  was  f:."'-*  digested  with 
trypsin  and  subsequently  affinity  purified  and  electro- 
phoresed.  Only  one  appreciable  peak  of  immunoreactive 
material  that  comigrated  with  rat  submandibular  gland 
EGF  was  present,  demonstrating  that  the  only  detectable 
immunoreactive  form  in  the  trypsinized  Triton  X-100 
extract  has  an  identical  charge  to  mass  ratio  as  native  rat 
EGF  (Fig.  2B).  A  similar  profile  was  obtained  using  sam¬ 
ples  from  the  i.schemia-injured  kidneys  (data  not  shown). 
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This  method  cannot  rule  out  the  possibility  of  the  pres¬ 
ence  of  small  number  of  uncharged  amino  acids  at  the 
NH2-terminal  of  the  polypeptide,  which  would  not  alter 
the  migration  rate  of  the  molecule. 

When  the  affinity-purified  Triton  X-100  extract  was 
subjected  to  electrophoresis  before  trypsin  digestion, 
there  was  a  smearing  of  activity  on  the  gel  with  few  dis¬ 
tinguishable  peaks  of  activity  (data  not  shown). 

HPLC  molecular  sieve  chromatography  of  Triton- 
solubilized  irEGF.  Because  the  membrane-bound  putative 
EGF  precursor  is  not  highly  immunoreactive  (Fig.  1).  we 
used  a  large  excess  of  affinity  resin  to  remove  all  EGF- 
containing  forms  in  the  Triton-solubilized  crude  mem¬ 
brane  preparation.  This  affinity-purified  Triton-solubi¬ 
lized  membrane  preparation  was  characterized  by  HFLC 
sizing  chromatography  using  a  Bio-Sil  2o0  column.  Ali¬ 
quots  of  each  eluate  fraction  were  removed  for  HI  A  and 
also  for  trypsin  digestion  with  subsequent  assay  by  RIA. 
It  is  important  to  note  that  trypsin  digestion  of  the  frac¬ 
tions  was  performed  after  the  material  had  eluted  from 
the  colunm  on  the  basis  of  their  respective  molecular 
masses.  The  results  from  the  control  kidney  are  illus¬ 
trated  in  Fig.  44.  Direct  assay  of  the  column  eluate  indi¬ 
cated  a  major  peak  of  activity  eluting  at  16  min  with  a 
lesser  amount  eluting  at  22  min.  When  the  same  eluate 
fractions  were  digested  with  trypsin  before  RIA,  the  ac¬ 
tivity  profile  was  strikingly  different.  The  immunoreac¬ 
tive  material  eluting  at  11.5  min  increased  from  50  ng/ 
fraction  to  >1,000  ng  in  the  same  fraction.  The  16-min 
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Fig.  4.  High-performance  liquid  chromatography  (HPI.C)  of  affinity- 
purified  Triton-solubilized  membranes.  Affinity-purified  material  was 
chromatographed  by  HPLC  iracuonation  as  in  materials  and 
METHODS.  Aliquots  of  individual  fractions  eluting  from  column  were 
either  assayed  directly  by  RIA  or  digested  with  trypsin  to  generate 
low-raolecular-ma.s8  EGF  ind  subsequently  assayed  by  RIA.  A:  normal 
kidney;  B:  24  h  postischemia.  Pools  were  made  of  material  eluting  be¬ 
tween  lO.-S  and  14  min  {pool  /),  15.,S  and  19.0  min  {pool  2),  21.0  and 
ZO..')  {pool  3),  and  37.0  and  OO-S  (pool  4).  Four  pools  of  activity  were 
u.sed  for  additional  characterization. 


jteak  increased  in  intensity  approxuiuitely  threefold  'Fhe 
material  eluting  at  22  min  was  unaffected  by  trypsin  di¬ 
gestion  (this  is  the  retention  time  for  rat  FGF).  .A  fourth 
peak  ol'activity  was  eluted  at  'M  nun.  This  inalenal  eluted 
at  1.8  column  volume  ;  and  was  consistent  l)etween  runs. 
The  retention  tune  was  not  affected  by  longer  wash  pe¬ 
riods  between  runs  This  peak  is  apparently  larger  than 
that  for  rat  FXIF  because  of  the  actit,  alion  by  tr\p.sin  and 
is  therefore  being  retainwl  by  the  column  by  f  utor;'  u.-.- 
related  to  molecular  mass. 

When  the  affinity-purified  'I'nton  X-ltX)  materia! 
from  postischemif  kidney.s  was  characterized  by  HFLC 
fractionation  as  alxive.  the  pretrypsin  activity  profile 
was  not  suhstant ialls  different  from  the  corresponding 
control  profile  (Fig.  4/1).  'I'his  i.s  consistent  with  the 
RIA  re.sulls  for  the  pretrvpsini/.ed  Triton  X-)(K)  extract. 
However,  in  contrast  to  the  control  kidney,  there  were 
only  slight  increases  in  the  amount  of  immunoreactive 
material  generated  by  lr>7)sin  digestion.  Again,  it  is  im 
portant  to  note  that  the  trypsin  digestion  was  performed 
on  the  fractions  after  they  had  been  separated  by  the 
column  based  on  their  apparent  molecular  masses.  The 
native  EGF  peak  at  22  min  is  larger  than  in  control  kid¬ 
neys  and  remains  unchanged,  and  the  peak  at  39  min 
demonstrates  an  increase  in  activity.  Some  post  ischemic 
kidneys  had  a  slightly  greater  amount  of  the  !6-min 
fraction  but  ail  were  >807/  decreased  in  the  9.5-min 
peak. 

The  Bio-Sil  250  column  was  calibrated  with  proteins  of 
known  masses.  The  results  were  as  follows;  thyroglobulin, 
669  kDa,  retention  time  10.8  min;  ferritin,  440  kDa,  re¬ 
tention  time  13.0  min;  catalase.  232  kDa.  retention  time 
15.6  min;  aldolase.  158  kDa,  retention  time  16.3  min;  rat 
EGF,  6  kDa,  retention  time  22.5  min;  and  phenylalanine 
165  Da,  retention  time  25.6  min.  We  do  not  know 
whether  the  putative  precursors  share  this  behavior. 
Therefore  apparent  molecular  masses  for  the  precursors 
have  been  assigned,  based  on  the  standards  listed  above: 
peak  1, 500  kDa;  peak  2,  150  kDa;  peak  3,  6  kDa;  peak  4  is 
unknown  but  must  be  >6  kDa  because  it  is  converted  to 
6  kDa  by  trypsin.  The  apparent  molecular  mass  of  peak  2 
is  consistent  with  literature  values  of  140- 150  kDa  for  the 
rat  EGF  precursor  found  in  kidney  and  urine  (17).  The 
retention  times  were  extremely  consistent  between  runs 
but  the  molecular  mass  values  are  termed  “apparent”  be¬ 
cause  of  EGF’s  known  anomalous  behavior  on  column 
chromatography  (26.  30,  31). 

Characterization  of  Triton-solubilized  irEGF  from  con¬ 
trol  kidney  membrane  preparations.  To  generate  suffi¬ 
cient  material  for  biochemical  analyses,  Triton  X-100 
extracts  from  a  homogenate  of  12  kidneys  were  affinity 
purified  and  chromatographed  in  two  successive  HPLC 
runs.  Pools  were  made  of  material  eluting  between  10.5 
and  14  min  {pool  I ),  15.5  and  19.0  min  ( pool  2).  21.0  and 
23.5  {pool  3),  and  37.0  and  39.5  {pool  4).  Each  pool  of 
activity  was  lyophilized  and  resuspended  in  1.0  ml  Eagle’s 
MEM  containing  0.2%  bovine  serum  albumin,  and  an 
aliquot  was  removed  for  trypsin  digestion.  The  trypsin- 
treated  and  untreated  pools  were  used  for  further  analysis 
to  determine  relative  activities  of  the  fractions. 
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Radioimmunoaiigay.  Pools  1-4,  both  trypsinized  and 
undigested,  were  diluted  1:10  and  assaved  b>  HI  A.  The 
results  are  illustrated  in  Fdg.  5.  Pool  1  contained  0.1-1 
ng/ml  rat  EGF  eq.  This  activity  was  increased  80d'uld  by 
tripsin  digestion  to  11.14  ng/ml.  Pool  2  contained  ‘i.Od 
ng/ml,  which  increa.sed  to  7.06  ng/ml  after  trypsin  diges¬ 
tion.  Pool  3  demonstrated  only  a  moderate  increa.se  after 
trypsin  digestion,  from  1.0,5  to  1.45  ng/ml.  This  peak  is 
presumed  to  represent  native  EGF.  The  slight  increase 
may  be  due  to  crcss-contamination  from  peak  2.  PwA  t 
increased  27-fold  (from  0.07  to  1.94  ng/rnl)  after  trypsin 
digestion.  All  four  of  the  trypsinized  fractions  demon¬ 
strated  parallel  displacement  with  rat  submandibular 
gland  EGF  after  digestion.  Pimh  2  and  3  demonstrated 
parallel  displacement  before  trypsin  digestion.  These 
results  indicate  that  the  150-kDa  form  end  native  EGF 
are  structurally  similar  regarding  exposure  of  immunore- 
active  determinants.  The  observation  that  the  .500-kDa 
form  does  not  generate  parallel  displacement  along  with 
the  80-fold  increase  in  activity  after  trypsinization  sup¬ 
ports  the  hypothesis  that  this  form  is  not  an  aggregate  of 
the  150-kDa  form. 

Radioreceptor  assay.  The  pools  of  activity  were  tested 
for  their  ability  to  compete  with  'I-rat  EGF  for  binding 
to  the  EGF  receptor  on  cultured  human  fibroblasts 
(Fig.  6).  Pool  1  had  minimal  binding  activity  using  either 
a  10-  or  50-m1  aliquot  of  material.  Digestion  of  pool  I  with 
trypsin  resulted  in  activity  equal  to  100  ng/ml  rat  EGF, 
representing  >20-fold  increase  in  activity.  Displacement 
of  ‘^'’I-rat  EGF  by  pool  2  indicated  it  contained  10  ng 
EGF/ml.  Trypsin  digestion  increased  this  activity  five¬ 
fold  to  50  ng/ml.  Pool  3  contained  ~100  ng/ml  rat  EGF 
and  was  unchanged  by  trypsin  digestion.  Pool  4  had  no 
measurable  activity  before  digestion  and  increased  to  25 
ng/ml  after  trypsinization.  These  results  indicate  that  the 
two  high-molecular-mass  EGF-containing  fractions  are 
able  to  compete  with  radiolabeled  rat  EGF  for  the  EGF 
receptor  and  that  their  ability  to  compete  is  substantially 
enhanced  after  limited  proteolysis.  These  results  are  con¬ 
sistent  with  the  RIA  results  that  demonstrated  increased 
activity  after  trypsin  digestion. 
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Fig.  .5.  RIA  of  HPLC-fractionaled  immunoreactive  material  from  con 
trol  rat  kidneys.  Pools  of  immunoreactive  material  wem  generated  and 
digested  with  tryp.sin  as  in  MATERIALS  and  METHODS.  Material  eluting 
from  HPLC  fractionation  indicated  in  Fig.  4  eluting  between  lO.-o  and 
14  min  represents  pool  I,  lh.5  and  19.0  min  represents  pool  2,  21.0  and 
2.'j..5  represents  pool  3,  and  .37.0  and  .'!9..'5  represents  pool  4.  Aliquots  of 
each  of  the  fKiols  were  tested  for  their  ability  to  compete  with  '--'I  rEflF 
for  binding  antibodies  generated  against  native  rKt  lF,  Data  pr)ints  rep¬ 
resent  average  of  duplicate  determinations. 
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were  a.-sayed  t,,r  their  ability  tn  cniiijifie  wKii  i  rK.tiK  (,.r  lomiing 
cultured  liliroblast.s  a-.  deM  rils-d  ir.  MA  tEKlAt.*-  and  MEiiitilis  l).it.t 
poiiil.e  repre^ent  average  nt  ilyplu  ate  determiniit  lull,,  .N,,nc|s  i  lin  bind 
mg  wa-  detertniiied  in  pri-'-ence  of  a  i  ,‘>0o  told  em  oi  tKt  ib'  aini  a.i- 
ol  total  binding 

P Hj thymidine  incorporation.  Growth-arrested  human 
foreskin  fibroblast  cell  line  .Il'Sl  was  exposed  to  the  Tri¬ 
ton-extracted  EGF  fractions  to  test  their  ability  to  stim 
ulate  DNA  .synthesis.  T'he  results  of  this  assay  are  illus¬ 
trated  in  Fig.  7.  Both  the  500-  and  150-kDa  precursors 
were  capable  of  stimulating  [  Hjthymidine  incorjKtration 
in  a  dose-dependent  manner.  The  activity  of  the  5(H)-kDa 
precursor  was  increa.sed  from  a  4()‘'f  stimuialitm  by  a 
IO-mI  aliquot  of  pool  1  to  a  sevenfold  increase  after  the 
sample  was  digested  with  trypsin.  The  increase  in  activity- 
after  trypsin  treatment  of  the  150-kDa  precursor  was  only- 
evident  at  the  lower  concentration.  The  activity  of  the 
fraction  comigrating  with  native  EGF  was  unaffected  by 
trypsin.  The  material  in  pool  4  demonstrated  a  slight 
dose -dependent  increase  in  stimulation.  The  activity  in 
pool  4  was  significantly  enhanced  after  proteolysis. 

ComparLsons  with  known  high-molecular-mass  renal 
proteins.  We  tested  the  possibility  that  the  high-molecu¬ 
lar-mass  EGF-containing  protein  may  represent  a  previ¬ 
ously  characterized  renal  membrane  protein.  One  high- 
molecular-mass  protein  present  in  both  kidney  and  urine 


Fig.  7.  Stimulation  of  | 'Hjthymidine  inconioration  into  growth-ar 
rested  fibroblasts  by  HPI.C-fraetionated  immunoreactive  material. 
Pools  of  immunoreactive  material  were  generated  ae  in  MATEtRlAl.s  AND 
METHODS.  .Stimulation  of  ( ‘Hjthymidine  incorporation  was  conducted 
as  in  MATEtRIAt.S  AND  METHODS.  Additions  were  as  follows:  standard 
rEOF,  open  bar  no  addition;  solid  bar  O.l  ng/mU  hatched  bar  1  <)  ng/ml; 
cross-hatched  bar  10.0  ng/ml.  Aliquots  of  4  pools  w^re  as  follows:  open 
bar  10  pi  of  pool;  solid  bar  10  pi  trypsin-digested  pool:  hatched  bar  M)  pi 
of  pool;  cross-hatched  bar  SO  pi  tryiisin-digested  pool. 
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is  the  Tamm-Horsfall  protein,  (for  a  recent  review  see 
Ref.  16).  This  polymeric  protein  has  been  reported  to 
contain  cysteine-rich  regions  which  are  homologous  to 
the  EGF  precursor  (34).  A  sample  of  the  rat  TammUors- 
fall  protein  was  generously  provided  by  Dr.  -John  Hoyer. 
Children’s  Hospital,  University  of  Pennsylvania.  Neither 
the  Tamm-Horsfall  protein  nor  the  trypsinized  product 
competed  with  labeled  rat  EOF'  in  the  RIA  when  used  at 
concentrations  l,0()0-fold  the  level  of  .sensitivity  of  the 
assay.  Rat  kidney  membranes  and  urine  contain  a  high- 
molecular-mass  protein  termed  gjiddO  whose  function  is 
unknown  (11).  A  sample  of  rat  gi)33()  was  generously 
provided  by  Dr.  Robert  McCluskey,  Harvard  Medical 
School.  Neither  the  intact  gp330  nor  the  trypsin -gener¬ 
ated  fragments  competed  in  the  rat  F.GF’  RI.A  at  concen¬ 
trations  10,000-fold  greater  than  the  limit  of  detection  on 
a  per-weight  basis.  In  addition,  polyclonal  antisera  to 
gp330  provided  by  Dr.  John  Niles,  Mas.sachusetts  Gen¬ 
eral  Hospital,  did  not  bind  radiolabeled  rat  EGF’. 

DISCUSSION 

These  results  demonstrate  a  sixfold  increase  in  biolog¬ 
ically  active  soluble  EGF’  in  the  rat  kidney  24  h  post  is¬ 
chemic  injury.  This  soluble  EGF  is  present  in  iwo  distinct 
forms.  It  is  not  known  whether  the  des-Arg  form  of  F-GF’ 
is  generated  as  such  or  whether  it  is  generated  from  the 
intact  native  form.  The  des-Arg  (orm  of  EGF’  is  generated 
in  the  endosomal  compartment  of  fibroblasts  shortly  af¬ 
ter  internalization  (28),  Local  action  of  EGF’  would  be 
consistent  with  the  reported  increase  in  EGF  binding 
capacity  of  renal  membranes  after  ischemic  injury  (23)  as 
well  as  folic  acid-induced  injury  (1)  and  may  partially 
explain  a  rise  in  renal  EGF  during  a  time  when  urinary- 
levels  of  EGF  decrease  (24).  The  decrease  in  urinary  EGF 
suggests  the  presence  of  a  mechanism  by  which  EGF  is 
either  not  released  into  the  lumen  or  is  sequestered  back 
into  the  tissue  by  a  currently  unknown  mechanism. 

The  increase  in  soluble  irEGF  reported  here  occurs 
during  a  time  period  when  mRNA  for  the  EGF  precursor 
has  been  reported  to  be  <1%  of  the  control  levels  (23). 
These  apparently  disparate  results  prompted  us  to  deter¬ 
mine  the  source  of  the  renal  EGF.  Serum  levels  of  EGF 
are  <1.0  ng/ml  (27)  and  thus  are  an  unlikely  source  for 
the  observed  renal  EGF  levels.  Initial  examination  of  the 
Triton-solubilized  crude  membrane  preparations  indi¬ 
cated  only  a  slight  decrease  in  immunoreactive  material 
in  the  injured  kidneys.  However,  when  these  same  prep¬ 
arations  were  digested  with  trypsin  there  was  a  substan¬ 
tial  difference  between  the  control  and  ischemia-injured 
kidney.  Digestion  of  the  solubilized  membrane  fraction 
from  either  the  control  or  injured  kidney  generates  a  sin¬ 
gle  immunoreactive  form  which  is  identical  to  rat  sub¬ 
mandibular  gland  EGF  by  RIA,  radioreceptor  assay,  and 
electrophoretic  migration  in  a  native,  nondenaturing 
polyacrylamide  gel.  The  level  of  EGF  in  the  control  kid¬ 
ney  membranes,  >300  ng/g,  represents  >90%  of  total 
renal  EGF  and  is  sufficient  to  account  for  the  increase 
seen  in  the  injured  kidney.  Total  EGF  in  the  injured 
animal  (soluble  -t-  trypsin  generated  EGF)  is  less  in  the 
injured  animals  than  the  controls.  These  data  are  consis¬ 
tent  with  EGF  binding  its  receptor  and  being  degraded  in 
the  lysosome  resulting  in  an  overall  decrease  in  irEGF. 


HFI.(.’  analysis  <t!  iht*  contn;!  Tnlmi  X  Hit)  irEGF 
identified  an  FXIl'-containuig  [inrit  ui  v^sih  an  apparent 
rni).ss  Ilf  I'lO  kl)a  as  desenlied  in  the  mouse  nii,  as  a 
previously  uneharaclerized  lorni  with  an  afipari  ni  mass 
of  .aOO  kl)a  The  fiUU-kDa  turni  does  not  appear  to  lie  an 
aggregate  of  the  lad  kl)a  lor  i)ie  following  reasons:  !  i  ilie 
.aOO-kDa  form  does  not  demonstrate  parallel  displace 
ment  in  the  Rl.X.  whereas  the  l.ad  kDa  form  doe>;  2i  the 
magnitude  of  the  increase  after  Irypsiiuzaiioii  as  rnea 
sured  by  RI.A,  radioreceptor  assay,  and  ths  niidine  incor 
poration  are  suhstautiaily  diffeieiii  between  the  two 
forms;  d)  reehromalography  ot  the  .udd-kDa  [leak  o!  ma 
terial  results  in  a  single  iieak  of  activity  with  tlie  same 
retention  time  (data  not  shownt.  .As  previously  men 
tioned.  it  is  possible  that  FIGF’  is  complexed  with  a  sep 
arate  protein  hy  interactions  which  are  slahle  to  healing 
in  I'f  SD.S,  It  is  also  imiMirtani  to  note  that  F)GF  is  well 
known  to  demonstrate  anomalous  behavior  on  eolu.m; 
chromatography  (26.  3(),  31). 

A  .aOd-kDa  form  has  not  been  reported  in  mice  or  hu 
mans.  J'his  form  may  he  unique  to  rats  or  it  may  lie  that. 
becau.se  of  its  large  size  and  k  iwer  level  <  if  immuiioreact  ive 
abundance  relative  to  the  I'id-kDa  form,  it  has  been  un 
detected.  This  represents  a  novel  form  of  FXIF'  that  con¬ 
tains  a  .substantial  portion  of  F)GF'  within  the  rat  kidney 
membrane.  'I'he  large  size  of  the  "idO-kDa  precursor  com¬ 
bined  with  the  substantial  amount  of  FXIF'  liberated  after 
limited  proteolysis  suggests  that  this  molecule  may  have 
multiple  F’,GF  repeats  which  would  distinguish  it  from  the 
1.50-kDa  precursor.  Both  precursors  have  biological  ac¬ 
tivity  as  determined  hy  the  ability  to  stimulate  [  Hj- 
thymidine  incorporation  into  growth  arrested  human  fi¬ 
broblasts.  Direct  comparisons  of  activities  cannot  he 
made  because  of  the  harsh  treatment  required  to  remove 
the  activity  from  the  affinity  resin  at  neutral  pH.  How¬ 
ever,  the  levels  of  irFlGF’  in  the  Triton  X-100  extract  were 
indistinguishable  from  that  displaced  from  the  resin  in¬ 
dicating  that  there  was  no  net  change  in  the  number  of 
antigenic  determinants  presented  on  the  surface  of  the 
molecules. 

The  role  of  proteolytic  enzymes  in  the  release  of  bio¬ 
logically  active  peptides  has  been  recently  reviewed  (8). 
This  combined  with  the  known  existence  of  numerous 
membrane-anchored  proteins  that  contain  multiple 
EGF-like  repeats,  reviewed  by  Massague  (18),  suggests  a 
potential  role  for  proteases  in  releasing  high  concentra¬ 
tions  of  biologically  active  molecules  from  latent  precur¬ 
sor  stores.  This  type  of  mechanism  would  allow  for  the 
release  of  substantial  amounts  of  growth  promoting 
agents  with  a  minimal  energy-  requirement  of  the  cell. 
Membrane-anchored  precursors  for  both  human  EGF' 
and  transforming  growth  factor-o  (TGF-o)  have  been 
demonstrated  to  have  inherent  biological  activity  (2,  20). 
The  TGF-o  precursor  has  been  proposed  as  a  mode! 
for  membrane-anchored  growth  factors  (18),  and  its 
activities  are  dependent  on  the  site  and  extent  of  pro¬ 
teolytic  cleavage.  The  recent  report  of  a  membrane- 
associated  enzyme  that  relea.ses  biologically  active  EGF’ 
from  kidney  membranes  (13)  as  well  as  the  observa¬ 
tion  that  aprotinin,  a  trv-psin  inhibitor,  decreases  (he 
urinary  level  of  rat  EGF’  (14)  support  the  existence  of 
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the  protease  required  for  the  release  of  ECGF  from  kidney 
membranes. 

These  results  also  offer  an  explanation  for  the  de¬ 
crease  in  renal  prepro-EGF  mRNA  noted  at  a  time  when 
other  transcriptional  activity  is  increased  (23).  The  au¬ 
thors  suggested  that  this  may  be  due  to  a  negative  effect 
of  the  regenerative  process  on  transcription  of  this  gene 
or  due  to  the  interruption  of  EGF  processing.  Our  obser¬ 
vations  suggest  that  decreased  transcription  could  be 
due  to  simple  end-product  inhibition  resulting  from  the 
release  of  biologically  active  EGF  from  its  membrane- 
bound  precursors. 

Recently  hepatocyte  growth  factor  (HGF)  was  pro¬ 
posed  to  be  a  mediator  of  renal  hypertrophy  after  unilat¬ 
eral  nephrectomy  (2i).  The  levels  of  mRNA  for  HGF  as 
well  as  the  active  growth  factor  increase  within  hours 
after  renal  injury.  The  time  frame  of  HGF  appearance 
supports  its  role  as  a  growth-stimulating  factor  in  recov¬ 
ery  from  acute  renal  failure.  EGF  also  appears  to  be  a 
likely  candidate  for  the  increases  in  DNA  synthesis  48  h 
after  renal  injury.  It  is  also  possible  that  the  two  growth 
factors  work  in  concert  to  stimulate  the  repair  of  the 
injured  tissue. 
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